Introduction: Mangroves are trees or shrubs that are able to grow in brackish water along tropical and subtropical coasts around the world, representing an important ecological conservation system. They have a long tradition of medicinal use and are rich in secondary metabolites. The aim of this research was to evaluate the biological activity and chemical composition of three mangrove species, Avicennia germinans, Conocarpus erectus and Laguncularia racemose, from a natural reserve from Guatemala. Methods: Leaf, bark and root were organically extracted; secondary metabolites were identified by macro and semi-micro tests and TLC, and evaluated for flavonoid and tannin content. Antioxidant activity was evaluated by DPPH, FRAP, TPC and ABTS methods, and antimicrobial activity against seven bacteria. By established protocols it was investigated the larvicidal activity against Anopheles and Aedes, cytotoxicity against Artemia salina and anti-tyrosinase activity by TLC. Results: The best yields were obtained with ethanol in leaves (5.43-26.65%); the highest essential oil yields also in leaves (0.02-0.13%), in both cases A. germinans. Main secondary metabolites were flavonoids, tannins, coumarins, saponins and alkaloids, except C. erectus leaf and bark and A. germinans root. The highest amount of chlorogenic acid was found in A. germinans bark (15.6%), the highest percentage of tannins in L. racemosa root (7.2%), the highest antioxidant activity by DPPH (IC 50 0.2-5.6 mg/mL) in C. erectus leaves, and FRAP (1.2-4.5 g Fe +2 /g of extract) and ABTS (IC50 0.2-11.6 mg/mL) in the bark. Antioxidant activity correlated with TPC, the highest amount in A. germinans bark (149.40-291.39 μg of gallic acid/g extract). None of the species showed larvicidal activity, nor cytotoxicity. Only L. racemosa root showed antibacterial activity against all strains (IC 50 0.62 mg/mL). The ethyl acetate and ethanol extracts exhibited mild anti-tyrosinase activity. Conclusion: Mangroves are a promising potential source of antioxidants and antibacterial compounds.
Introduction
Mangroves are a diverse group of halophytic plant species, which form highly productive forests in the area between mean sea level and the highest spring tide mark along tropical and sub-tropical coastlines and estuaries, 1 providing ecosystem services to marine and terrestrial environments, and human societies. 2, 3 The most important mangrove ecosystem services include: coastline protection (in particular storm, hurricane and tsunami protection); waste water treatment; production of extractable materials; and provision of cultural sites. 4, 5 Despite the known value of these forests, mangroves are highly threatened.
Mangroves are trees or shrubs that are able to grow in saline water along tropical and sub-tropical coasts around the world. 6 These plants are able to withstand a number of environmental stress factors: high salt concentrations, tidal flooding, strong winds, solar radiation and heat. 7 Their ability to grow under these circumstances is linked to various morphological, physiological and biochemical adaptations, such as stilt and air roots, salt excretion systems and secondary metabolites. They also have a long tradition of medicinal use and are rich in secondary metabolites. 8 Some of these compounds have antimicrobial and antioxidant effects, among others, which are mainly based on ethnobotanical reports. 9 The Multiple Use Natural Reserve of Monterrico (Reserva Natural de Usos Múltiples de Monterrico, henceforth RNUMM) in Guatemala is a wetland crucial to the natural functioning of the hydrographic basins and the neighboring coastal systems. The area is dominated by estuarine and coastal marine ecosystems, habitats of great ecological value and high diversity of animal and plant species, depending on this ecosystem for their life cycle. 10 Most of the territory under study is occupied by mangrove formations which is not surprising because up to 65% of the RNUMM is made up of water bodies.
Mangrove swamps are coastal marine ecosystems typical to the tropical and subtropical belt of the world. 11 They tend to occur on the foreshore of gulfs, coves, marshes, estuaries or river mouths, particularly on soft, only occasionally rocky, sea floors periodically supplied with a regular run-off of fresh water. 12 For years, mangroves have been utilized by various ethnic groups for the treatment of diseases. Ethnopharmacological uses of mangrove species is very diverse and have included treatment for: eye problems, skin diseases, rheumatism, blisters, arthritis, hemorrhage, asthma, throat and stomach ache, infections, and diabetes. 13, 14 Some species from Avicenniaceae, Meliaceae, Rhizophoraceae and Euphorbiaceae families have shown antimicrobial activity, while others belonging to the Meliaceae and Rhizophoraceae families possessed antimalarial properties. 15 Species as Conocarpus erectus from Combretaceae family, known as buttonwood, is one of two species in the genus Conocarpus. It is a folk remedy for anemia, cold, conjunctivitis, diabetes, diarrhea, and fever. 16 The leaves are eaten, and their decoction is drunk to treat fevers. The bark and the fruit of this species are used as infusion in the treatment of diarrhea, wounds, hemorrhoids and diabetes. 17, 18 Some of the proven biological properties of mangrove species include antioxidant, 8,19-21-25 anticancer, 20 hepatoprotective, 22 antiulcer 23 and antimicrobial activities. 20, 24 It was suggested that mangrove extracts could be a potent source of therapeutic agents in preventing or slowing the ageing process and the oxidative stresses associated to degenerative diseases. 15, 16, 26 Due to the interest in the biological activity as well as the diverse bioactive metabolites, an investigation of different parts of mangrove species from RNUMM was carried out.
Materials and Methods

Plant Material
One kilogram of leaves, root and bark of three mangrove species were collected from the RNUMM. They were processed according to the chosen techniques. Voucher samples of the specimens (40, 262) were deposited at the Herbarium of USCG-CECON-USAC.
The fractionated extraction started from dry plant materials using hexane, dichloromethane, ethyl acetate and ethanol in a polarity sequence. The solvent extractor was added to 200-500 g of plant material, it was percolated and repeated five consecutive days by continuing replacement of the solvent. The extraction was concentrated by reduced pressure at a temperature below 45°C using a rotary evaporator. The secondary metabolites present in the extracts were determined by phytochemical screening. 27 Total ash was determinate in different parts of the evaluated species.
Essential Oil
The essential oil was extracted by hydro-distillation for 3 hours from 50 g of leaves in an all glass Clevengertype apparatus using demineralized water (500 mL). At least three replicate extractions were performed for each sample. The extraction yield of the oil was calculated on the basis of dry weight of the plant material.
Phytochemical Screening Standard phytochemical screening was performed in tubes at semi-micro scale for identification of flavonoids, anthocyanins, anthraquinones, coumarins, essential oils, tannins and polyphenols, 27 followed by thin layer chromatography (TLC) analysis using vanillin-H 2 SO 4anisaldehyde and specific reagents for each of the functional groups. 28 Quantification of Flavonoids and Tannins Plant material (1 g) was added to 50 mL of hot water in a 100 mL volumetric flask in a water bath for 60 minutes. The solution was cooled to room temperature and volume adjusted with distilled water, filtered and diluted 1:10. Dilutions were prepared (10, 20, 30, 40, 50, 60 and 70 ppm) of chlorogenic acid standard and a curve was prepared at wavelength 324 nm. The chlorogenic acid curve was used to determine metabolite concentration. 29 Total tannin content was determined by phosphomolybdium tungstic acid. The solution was prepared with 10 g of sample and 500 mL of 50% ethanol, shaken for 6 hours, stand for 8 hours, shaken again for 30 minutes and filtered. The filtrate was transferred to a 50 mL volumetric flask and diluted with distilled water to the total volume, using tannic acid as the standard, and read at 700 nm wavelength. 30 Determination of Antioxidant Activity Total phenolic compounds (TPC) were determined by a standard macrometric method using the Folin-Ciocalteu reagent according to Phipps et al. 31 read in a Thermo Genesys 10 Spectrophotometer at 765 nm, and the concentration was estimated by a regression curve expressed in μg of gallic acid equivalent/mg of dry extract.
1,1-diphenyl-2-picrylhidrazyl (DPPH). Qualitative evaluation was done by a standard TLC method in 60F 254 silica gel plates and sprayed with DPPH. Macrometric method was performed in tubes using acetate buffer, methanol, DPPH (0.0219%), and extract; after agitation and incubation for 30 minutes at room temperature, the results were read in a Thermo Genesys 10 Spectrophotometer at 517 nm against blank, and the IC 50 was calculated. Micrometric determination was performed in a similar setting, but taking into consideration the scaling down needed to maintain the system in a 96-well plate, which was evaluated in an Elisa reader (Bio-Tek ELx-800) at 490 nm, followed by IC 50 calculation in mg of dry extract from the regression line or TDAC. 32 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS). Discoloration of ABTS was evaluated according to Re et al. 33 The ABTS radical cation was produced by mixing ABTS solution (7 mM) with potassium persulfate (2.45 mM), kept in the dark at room temperature for 16-18 hours. For analysis, the reagent was diluted in ethanol until the absorbance at 734 nm was 0.70 ± 0.02 at 30°C. Extract dilutions were added to the diluted reagent and read at 1, 4 and 6 min. For each dilution, a curve was prepared in 60%-70% inhibition, and the IC 50 was calculated.
Ferric reducing antioxidant power (FRAP). The methanol extract (50-500 μg of dry extract/mL) was mixed with phosphate buffer (0.2 M, pH 6.6) and potassium ferricyanide 1%, and incubated at 50°C for 20 min. Trichloroacetic acid was added and then centrifuged at 3000 rpm for 10 minutes. The upper layer was mixed with water and ferric chloride (0.1%), and the absorbance measured at 700 nm. The same procedure was followed using standards (gallic and ascorbic acid). Increased absorbance of the reaction mixture indicates increased reducing power. 34 Determination of Biological Activity Antimicrobial. Activity against bacteria and yeast was determined by the agar plate dilution method according to Mitscher et al. 35 Antibacterial screening was performed in agar, by preparing Muller-Hinton Agar (MHA) with 1.0 mg/mL of the extract (MHA-E). Bacteria were inoculated in tubes with broth for 24 hours at 36°C, and a 1:100 dilution in sterile distilled water was prepared. Each strain was streaked in quadruplicate (error <0.05) on the MHA-E surface and incubated at 36°C for 24 hours. Bacterial growth was evaluated, and the minimal inhibitory concentration (MIC) was performed by microdilution method using MTT (3-(4,5-dimethylthiazol-2-11)-2-5diphenyltetrazolium) according to the National Committee for Clinical Laboratory Standards guidelines. 36 The activity were assayed against six bacteria (Staphylococcus aureus, Mycobacterium smegmatis, Pseudomonas aeruginosa, Bacillus subtilis, B. subtilis subsp spizizenii; and Escherichia coli) and one yeast (Candida albicans).
Larvicidal activity: using extract dilutions of 1000, 500 and 250 μg/mL; LC 50 was calculated by non-parametric regression analysis using a Finney program for Basic. Four instars larvae (Aedes aegypti and Anopheles albimanus) were used against dilutions, after 24 hours, death larvae were evaluated visually. 37 Brine shrimp lethality assay: In vitro lethality assay of A. salina was used for detecting toxicity from the organic extracts. Serial dilutions (1000, 500, 250 and 125 mg/L) were prepared in 96-well microplate. Nauplii (10) (11) (12) (13) (14) (15) were pipetted in each well. Each concentration was assessed by triplicate. The lethality percentage was determined by comparing the mean surviving larvae of the test with the control wells. Lethal concentration values were obtained from the best-fit line plotted concentration versus percentage lethality. 38 Anti-tyrosinase activity: Kojic acid was prepared at a weight ratio of 1:1 using methanol as a solvent. About 0.5 µg of the mixture was then dropped onto a commercial TLC plate and the separation was carried out using 1:1 (v/v) hexane:ethyl acetate as mobile phase. After drying at room temperature, the plate was then sprayed with tyrosinase and L-tyrosine solutions. Only spots with tyrosinase inhibitors appeared white against a brownishpurple background. 39 Statistical Analysis All collected data was reported as the mean ± SD of three replicates. Analysis was carried out using Excel 2013. Oneway analysis of variance (ANOVA) and Tukey posttest were used to evaluate the possible differences among the means. We evaluated whether differences were statistically significant (P ≤ 0.05).
Results
Three mangroves species were collected in RNUMM, Santa Rosa, Guatemala (Table 1) . L. racemosa leaves showed the major total ash (11.76%), while bark showed the less content (3.00%); the major content of acid ash was presented by L. racemosa bark (2.00%), and less content was in C. erectus bark (0.65%) ( Table 2) .
Four solvents were used for extraction (hexane, dichloromethane, ethyl acetate and ethanol) of leaves, bark and root from three mangrove species. Extract yield acid (15.59 ppm) ( Table 5 ). Important antioxidant activity was found in three species, especially in ethanol extracts, by the three methods assayed. By DPPH, L. racemosa showed activity in leaves (IC 50 0.42 mg/mL), bark (IC 50 0.45 mg/mL), and root (IC 50 0.40 mg/mL), C. erectus showed activity in leaves (IC 50 0.21 mg/mL), bark (IC 50 0.38 mg/mL), and root (IC 50 0.39 mg/mL), and A. germinans in leaves (IC 50 5.63 mg/mL), bark (IC 50 0.59 mg/mL), and root (IC 50 2.37 mg/mL), but less than the standard evaluated as quercetin, vitamin C, trolox and TBHQ. The same extracts gave significant total phenolics content in L. racemosa root (188.40 µg/g), A. germinans bark (291.39 µg/g), except C. erectus in which the ethyl acetate leaves extracts (247.62 µg/g) showed better activity. By FRAP assay C. erectus bark ethanol extract showed better activity (4.52 gFe +2 /g) ( Table 6) .
None of the extracts tested at 1 mg/mL showed activity against the different instars of A. albimanus and A. salina. Among the extracts, L. racemosa leaves exhibited activity against S. aureus, M. smegmatis, P. aeruginosa and E. coli, the root showed activity against all microorganisms evaluated and bark did not exhibit any activity, while C. erectus leaves exhibited activity against six microorganisms except E. coli, bark against five bacteria and root showed no activity. For A. germinans only bark showed activity against two bacteria P. aeruginosa and B. subtilis (Table 7) .
Ethyl acetate and ethanol extracts showed inhibition of tyrosinase with moderate effects in particular from L. racemosa leaves and bark, C. erectus bark and A. germinans bark ( Table 8) .
varied widely in the case of hexane extracts L. racemosa root showed 0.30% while leaves (1.72%), dichloromethane extracts L. racemosa bark showed 0.20% and C. erectus leaves 1.45%, ethyl acetate extracts C. erectus bark showed 0.04% and A. germinans root 1.67% and ethanol extracts C. erectus root showed 3.78% and A. germinans leaves 26.65%. Essential oil showed in L. racemosa root was 0.02% and A. germinans leaves 0.13% (Table 3) .
Preliminary phytochemical TLC screening of the extracts of different species from the collected mangroves revealed the presence of various groups of compounds (flavonoids, tannins, coumarins, alkaloids, and saponins). This data was obtained according to the colors observed on the spot extracts when each specific reagent was added. Results are summarized in Table 4 . L. racemosa root showed the major content of tannins (7.29%) and A. germinans bark showed the major content of chlorogenic 
Discussion
Mangrove populations were selected in two transects of RNUMM and the description of the accompanying flora and fauna was made, observing a great diversity of species, which denotes the ecosystemic, environmental and touristic importance which makes it one of the five most important protected areas of Guatemala. Many biological activities are attributed to mangrove species in folk medicine. Species of plants with therapeutic purposes have been used in several scientific investigations around the world. The total ash method is designed to measure the total amount of material remaining after ignition, including physiological and non-physiological ash. Ash values are important quantitative standards and criteria to analyze the identity and purity of crude drugs especially in powder form. Moreover, the total ash of a crude drug also reflects the intensity of care taken in drug preservation, and purity of the crude drug. According to the results obtained, the highest amount of ash was observed in the L. racemosa leaves (11.76%), while the lowest content was found in the bark. Studies conducted in India reported the total ash value content of Avicennia alba Blume and L. racemosa being 14.0% and 16.22% respectively, 40 which shows values higher that those reported in Guatemalan species.
Acid insoluble ashes are a part of total ash and measure the amount of silica present, especially as sand and siliceous earth. In the case of acid ash none was greater than 2% and the highest content was present in the leaves of A. germinans. The percentages values of acid insoluble ash reported in previous studies were 3.10% in A. alba and 3.40% in L. racemosa. Acid insoluble ash value is frequently necessary to evaluate the purities of crude drug content. This ash value indicates contamination with siliceous material. The comparison of this with the total ash value of the sample will differentiate between contaminating minerals and variations of the natural ash of the drug. 40, 41 Regarding the extraction yields in all the species, a higher yield was observed in the ethanol extracts (3.97-26.6%), the highest being A. germinans leaves, while hexane extract yields were highest in L. racemosa leaves (1.7%), dichloromethane in C. erectus leaves (1.5%) and ethyl acetate in A. germinans root (1.7%), which confirms the presence of polar compounds since the largest amount of extract was obtained in polar solvents. Studies carried out on leaves of A. alba reported yields of 5.0% and for L. racemosa of 8.5%, those obtained in Guatemalan species were higher. According to Jacoeb et al 42 Avicennia marina (Rossk) Vierh leaves showed an extraction yield of 9.6% using methanol while ethyl acetate and hexane was 1.28 and 0.6% respectively. Sulmartiwi et al 21 reported the yields of bark extraction of A. rumphiana with hexane of 0.39%, in ethyl acetate 2.8% and in ethanol 3.4%, while in the leaves the reported yield was 3.1% in hexane, 1.4% in ethyl acetate and 6.2% in ethanol. This is consistent with the results obtained that the highest yields are obtained in ethanolic extracts.
The essential oil presented low yields (0.02-0.13%), the highest being A. germinans leaves. Studies conducted on the essential oil of A. marina leaves report the presence of cryptomeridiol (7.82%), cedrondyol (7.13%), nonadecane (3.90%), ecosane (3.47%) and octen-2-ol (3.19%), which is related to its antioxidant effect. 43 Studies on Rhizophora mucronata Lam. essential oil leaf are also reported, mainly identifying fatty acids and ɑ-pinene as one of the main components (35.87%), demonstrating larvicidal and repellent activity against Anopheles stephensi and Culex 44 Studies of the flowers of three species of Rhizophora demonstrate the presence of alkanes, fatty acids, phenylpropanes and monoterpenes with eugenol one of the major components. 45 In general, there are few studies about essential oils in mangrove species. Phytochemical screening showed the presence of flavonoids in all samples, mainly chlorogenic acid, tannins, volatile oils, and saponins; coumarins were detected in seven of the nine analyzed samples, except for the leaves and bark of C. erectus, alkaloids were not evidenced in leaves and bark of button mangrove and A. germinans root.
A previous phytochemical study identified flavonoids, saponins and tannins in an aqueous extract of C. erectus leaves. 46 High-performance liquid chromatography analysis of ethyl acetate and n-butanol extracts of leaves, stem, flowers and fruits of C. erectus revealed the presence of gallic acid, catechin, apigenin, quercetin, quercetin-3-O-glucoside, kaempferol-3-O-glucoside, rutin and quercetin-3-O-glucoside-6-O-gallic acid. 47 In a recent study, 33 organic extracts of mangrove species were analyzed, detecting triterpenoids, phenolic compounds and tannins as the main phytochemical groups found in the samples; saponins, quinones and coumarins were found in at least 50% of the samples. 15 The phytochemical screening of three species of mangrove leaf (R. mucronata, Sonneratia alba J. Smith and Excoecaria agallocha L) revealed the presence of saponins, glycosides, tannins, flavonoids, volatile oils, 48 which agrees with the results in the species under study.
Phytochemical studies of leaves of Conocarpus erectus L indicated the presence of gallic acid, ellagic acid, 3,3´-Dimethoxyellagic acid, 49 brevifolin carboxylic acid, 50 quercetin 3-O-glucuronide 51 myricetin 3-O-glucuronide, 52 syringetin 3-O-glucuronide 53 triterpenes in n-hexane extract and absence of saponins in the methanol extract. 46, 54 This fact reinforces the need for studies that assess the differences in chemical composition between the organs of the same plant, different times of collection, different cultivation environments and even different forms of plant nutrition.
The secondary metabolites represent a chemical interface between plants and the surrounding environment, so their synthesis are often affected by environmental conditions such as rainfall, UV radiation, atmospheric composition, circadian rhythm, plant age and temperature. 46 The quantification of flavonoids based on chlorogenic acid revealed that in A. germinans bark the highest amount (15.59 ± 0.30 ppm) occurs and in the case of the leaf, C. erectus species is the one that outperforms the other species (4.93 ± 0.09 ppm), while the roots showed the lowest amount in all the samples evaluated (0.44-0.64 ppm). No studies were found in the literature that reports the quantity of flavonoids in the mangrove species under study, these results were the first quantitative findings on these metabolites. Sulmartiwi et al 21 reported flavonoids expressed in meq of quercetin/g of extract using 3 solvents in bark, fruits and leaves of Avicennia rumphiana Hallier f. finding values of 2.3-13.8 meq/g, polar extracts, (ethanolic and ethyl acetate) of leaves and fruit presented the highest quercetin content.
Quantification of tannins showed the highest percentage in L. racemosa root (7.29 ± 0.19%), while in the leaf and bark the highest percentage was presented by C. erectus (4.44 ± 0.58% and 5.09 ± 0.20 respectively). Sulmartiwi et al43 reported tannins equivalent to tannic acid/g extract in A. rumphiana, with the highest values in ethyl acetate extracts of fruit (74.63 meq/g) and leaf (21.29 meq/g).
Antioxidant activity was presented by ethanolic extracts and the highest activity was showed in C. erectus leaf (CI50 0.21±0.02 mg/mL). The FRAP method showed that ethanolic extract leaf and root of L. racemosa had the highest amount of Fe+2 g/g of extract (1.20±0.19 g/g), while in the bark it was the ethyl acetate extract (3.16 ± 0.34 g/g), in C. erectus in the 3 organs, the greatest amount of iron formed was in the ethanolic extracts, with the bark exhibiting the highest concentration (4.52 ± 0.17 g/g), in the same A. germinans ethanolic extract bark had the highest concentration (4.31 ± 0.22 g/g).
Ayoub, 56 isolated and characterized a trimethoxyellagic acid glucuronide compound from the leaves of C. erectus, which showed important antioxidant activity using the xanthine/hypoxanthine oxidase assay. Several flavonoids and phenolic compounds were isolated such as gallic acid, quercetin 3-O-glucuronide, myricetin 3-O-glucuronide, siringetin 3-O-glucuronide, ellagitannins, castalagin, quercetin, myricetin, siringetin, 3,4,3'-trimethoxylagic acid, ellagic acid and 3,3'-dimethoxylagic acid.
Huseein, 16 reported antioxidant activity in the butanolic fraction of C. erectus leaves by DPPH and FRAP, extract presented activity comparable to ascorbic acid and butylhydroxytoluene (BHT). Aerial parts of C. erectus demonstrated antioxidant and acetylcholinesterase activity in ethanolic and butanol extracts. 57 Previous studies with A. marina leaf extracts showed a phenolic content of 18.72 mg of gallic acid/g and an average effective concentration to inhibit the DPPH radical of 9650 ppm, in the iron reduction test a value of 69.1 mg/mL was obtained. 43 Sulmartiwi et al 21 reported the antioxidant activity of A. rumphiana demonstrating the highest activity in the ethanolic extract of leaves (CI 50 492.22 ppm), which agrees with our results. Total phenolics in extracts of A. rumphiana was reported, with 0.9-23.86 mg equivalents of gallic acid/g of extract, the highest values were detected in the fruits of ethyl acetate extracts. The phenolic compounds commonly found in plants along with the flavonoids are chemical groups with antioxidant activities, so the results show a correlation in the chemical composition and antioxidant activity presented in the polar extracts.
None of the extracts showed cytotoxic activity against A. salina, and no insecticidal activity was evidenced in the mangrove species studied. One study reported the acute toxicity of aqueous extracts of C. erectus, estimating the LD 50 above 2000 mg/kg, showing a low acute toxicity classified as category 5. The main compounds identified were flavonoids, tannins and saponins. 46 Antibacterial activity was evaluated against nine strains of pathogenic bacteria, inhibitory activity of L. racemosa leaves and roots ethanolic extracts was demonstrated against S. aureus, M. smegmatis, P. aeruginosa and E. coli (MIC 0.62 mg/mL), while the bark did not present any activity. C. erectus presented activity mainly in leaves and bark, in the roots no activity was evidenced. A. germinans did no showed activity in leaves nor root, only the bark inhibited two bacteria P. aeruginosa and B. subtilis (MIC 0.62 mg/mL).
Phytochemical composition and pharmacological properties of C. erectus have been studied throughout history, 20, 58, 59 phenolic compounds, especially tannins, are the major components of this species 56 and many studies have investigated antimicrobial and antioxidant properties promoted by these compounds. 6, 8, 11, 13 Shohayeb et al 18 suggested that tannins of C. erectus are largely responsible for antimicrobial activity of this plant. These authors, studying alcoholic extracts of leaves, stem, fruit and flower of C. erectus collected in Saudi Arabia, showed antibacterial activity for S. aureus, B. subtilis (gram-positive), acid-fast Mycobacterium phlei and gram-negative bacteria E. coli, Salmonella typhimurium, Klebsiella pneumoniae and P. aeruginosa. This is probably related to variations in the kind of compounds present in the extracts that may arise from differences between individual plants, different collection moments, different cultivation environments, different extraction solvents and different extraction methods, as well as possibly intrinsic factors. 46 Studies on extracts of leaves of C. erectus showed antimicrobial,18 antioxidant,55 anticancer, 20,58 and hepatoprotective activity. 22, 58 However, pharmacological properties can be associated with phytochemical compounds found in this study such as flavonoids which have antioxidant, anti-inflammatory and hepatoprotective properties, and saponins related to antimicrobial and anti-inflammatory activities. Santos et al, 48 reported that the aqueous extract of C. erectus leaves showed moderate bacteriostatic activity and immunomodulatory activity promoter, identified flavonoids, phenylpropanoglycosides, saponins, proanthocyanidins and hydrolysable tannins. 18 Lopez et al 15 reported that leaf ethanolic extracts of mangrove species R. mucronata, S. alba and E. agallocha showed antibacterial activity while phytochemical screening revealed the presence of saponins, glycosides, tannins, flavonoids, and volatile oils.
A study with A. germinans and C. erectus showed activity against E. coli, 15 which agrees with the data obtained that show inhibitory activity of the extracts against certain bacterial strains. C. erectus extracts were found to possess antioxidant and anticancer capacities.
The higher susceptibility of the tested gram-positive as compared to gram-negative bacteria to C. erectus extracts is consistent with previous studies on the antibacterial activity of natural products. [60] [61] [62] Tannins are watersoluble polyphenols that are commonly found in higher herbaceous and woody plants. 63 They have been reported to possess both bacteriostatic and bactericidal activities, 64, 65 because C. erectus contains large amounts of tannins. 22 Extracts of different mangrove species investigated in this study possessed broad-spectrum antimicrobial activity against gram-positive, and gram-negative bacteria. The broad-spectrum antibacterial activity of the plant extracts, confirms its use as a health remedy in folklore medicine.
Anti-tyrosinase activity was evaluated by TLC in the mangrove species, in which a moderate activity was evidenced for ethyl acetate and ethanol extracts. This is an assay that allows us to determine the ability to inhibit the enzyme tyrosinase, an enzyme related to hyperpigmentation of the skin, because it limits the speed of melanin biosynthesis and is important in the coloration of the skin, eyes and hair; several compounds of both synthetic and natural origin have been studied and reported as inhibitors of tyrosinase activity, some have been included in cosmetic formulas with skin lightening properties. 66 The literature review does not report that this test has been performed in mangrove species, only inhibitory activity against another type of enzyme, like ɑ-glucosidase, is reported mainly in L. racemosa and C. erectus. 15 Based on the results reported here, it can be concluded that mangroves are a promising potential source of antioxidants compounds. Due to the evident antibacterial and antioxidant potential, mangrove studies will be initiated to investigate the bioactive metabolites and the detailed mechanisms of action of these bioactive metabolites in the obtained extracts.
